INTRODUCTION
Seeding and fertilizing are two of the tools available to range managers to increase productivity of rangelands.
Even though some of the earliest range management research in the United States was conducted on highelevation rangelands (for example, Cotton 1905 (for example, Cotton , 1908 Griffiths 1907; Sampson 1913 Sampson , 1921 , relatively little range research is now being conducted on these mountain areas. (Griffiths 1907 Wash., and, in 1902, at the Wenatchee Mountain Station to determine what species of grasses could be established on the mountain range areas (Cotton 1905 (Cotton , 1908 (Sampson 1913 (Keck 1972 ). Many other trials followed as he continued his work to find species adapted to the harsh climate of high-elevation areas (Sampson 1921 (Sampson , 1923 (Reynolds 1911 Peak aboveground standing crop has been the standard method of estimating production on rangelands. Such estimates are lower than, but can be correlated with, total aboveground net production (Kelly and others 1975; Singh and others 1975) . Pieper and others (1974) (Currie 1969 species that will establish stands should be planted (Steen and Berg 1975) . Early studies (Reynolds 1911; Forsling 1931; Bailey 1934) (Meeuwig 1960) . Species seeded were smooth brome, meadow foxtail, orchardgrass, mountain brome, and meadow brome. The seeded stand is still in excellent condition and no measurable runoff has yet occurred from the watershed (A. P. Plummer, personal communication) . Grazing has not been allowed on the area since seeding.
On another watershed on the Great Basin Experimental
Range, Orr (1957) found that soils on seeded and untreated areas were similar in bulk density, infiltration, runoff, and sediment production 3 years after seeding. The area was seeded with a mixture of smooth brome, tall oatgrass, meadow foxtail, reed canarygrass, orchardgrass, mountain brome, and alsike clover and was protected from grazing for 3 years. A study made after 4 additional years, during which moderate grazing had taken place (Meeuwig 1965) , indicated that average protective cover by plants and litter was significantly less on the seeded plots (63to 74percent) than on the native plots (70 to 85 percent). The surface soil of the seeded plots had significantly greater bulk density and significantly less capillary pore space than adjacent unseeded areas, and soil eroded from infiltrometer plots was greater on the seeded plots. Meeuwig (1965) (Orr 1970 Transplanting experiments were described by . Monsen (1975) As many as 21 years after seeding, Hull (1974) seeded and seed is commercially available.
In a subsequent study alpine bluegrass, alpine timothy, tufted hairgrass, and meadow foxtail were the most successful species in transplant studies, with Canada bluegrass also appearing to be adapted.
FORBS AND SHRUBS
Most of the species used to seed mountain grasslands have been grasses. Only a few forbs were reported in earlier studies (appendix 1). In 1938, 24 native species (13 forbs, five grasses, and six shrubs) were seeded on exposed road cuts in the subalpine and alpine areas (9,500 to 11,800 ft [2 900 to 3 600 m]) in Rocky Mountain National Park (Harrington 1946 (Hafenrichter and others 1968) , in the Oregon Interagency Guide (Anderson, n.d.) , and elsewhere.
The Soil Conservation Service has established a number of plant material centers to study and develop grasses and legumes for use in conservation; to determine reliable cultural and management methods; and to get proven materials into production by farmers, ranchers, and commercial growers (Hafenrichter and others 1968 Sampson (1913 Sampson ( , 1921 (Gomm 1962 Sampson (1913) and Forsling and Dayton (1931) Hyder and others (1975) Goebel and Berry (1976) (Cornelius and Talbot 1955) , southern Idaho (Hull and Holmgren 1964) , South Dakota (Orr 1970) , and Arizona (Lavin and Springfield 1955) . Similar results were obtained on burns in the spruce-fir type in Colorado (Hull and others 1958) and in lodgepole pine and Douglas-fir types in Washington (Tiedemann and Klock 1973) A highly successful technique for seeding in the aspen type is broadcasting seed just before leaf drop. The aspen leaves cover the seed and maintain moisture conditions conducive to germination. Plummer and Stewart (1944) and Plummer and others (1955) reported this technique, using a variety of species (appendix). Hull and others (1958) Chadwick and others (1969) (Campbell 1956 ).
Broadcasting grass and clover seed and fertilizer has also been successfully used to get vegetative cover on high-elevation subsoils exposed by severe erosion in New Zealand (Dunbar 1971 Hull (1972) found little difference in herbage production from seed placed at 6-and 12-inch (15-and 30-cm) row spacings in high elevation plantings in southeastern Idaho. In the ponderosa pine zone in Arizona, Reynolds and Springfield (1953) found essentially no difference in herbage production from crested wheatgrass planted at 6-, 12-, and 18-inch (15-, 30-, and 45-cm) spacings.
MULCHES
Kay (1978) (1970) found that wood fiber, straw-asphalt, jute mesh, and macerated paper mulches applied on road cuts at high elevations in Utah all provided protection to the soil surface against evaporation and erosion, produced more grass seedlings, and produced a more dense herbage cover than treatments without mulches. Chopped mature "hay" from native alpine meadows in Colorado is being investigated as a combined seed source and mulch (Ron Zuck, personal communication (Tietjen 1973 Intermountain area (Plummer and others 1955 (Ryerson and Taylor 1975) . Ryerson and Taylor (1975) (Smith 1966 Wyoming, Lang (1956) found no increase in forage production following nitrogen fertilization in the form of urea at a rate of 67.5 pounds per acre (76 kg/ha). The fertilized areas, however, were used much more heavily by cattle than adjacent unfertilized areas, which were grazed only slightly (Smith and Lang 1958) . In a followup fertilization study, nitrogen was applied at rates of 0, 25, 50, 75, and 1 00 pounds per acre (0, 28, 56, 84 Baldwin and others (1974) found that fertilization at very high rates markedly increased forage production (table 2).
In the 4 years following application of 297, 594, and 1,188 pounds (333, 666, and 1 332 kg/ha) of 27-1 2-0 fertilizer, the fertilized plots produced an average of 4,220 pounds per acre (4 730 kg/ha) per year, while the unfertilized plots averaged 1,480 pounds per acre (1 660 kg/ha). The three rates of fertilizer did not differ significantly in production.
All levels of fertilization increased the lengths of the green forage season by about 6 weeks, and temporarily increased nitrate nitrogen in the forage. Nitrate levels at the two highest rates of fertilization were in the toxic range for a short period of time. All rates of fertilization increased the proportion of the introduced grass, Kentucky bluegrass, in the composition.
No analysis was made of the economic feasibility of this high rate of fertilization.
On green fescue (Festuca viridula) grassland in Washington, Smith (1963) In the ponderosa pine zone in Colorado, McGinnies (1968) applied nitrogen at five rates up to 100 pounds per (Haferkamp and Currie 1973 The dominant herbaceous species were bistort {Polygonum bistortoides), western yarrow {Achillea lanulosa), bluegrass (Poa canbyi), tufted hairgrass {Deschampsia caespitosa), spike trisetum {Trisetum spicatum), alpine timothy, and letterman needlegrass {Stipa lettermanii).
On native mountain meadows in northern Utah, Cook (1965) (Cook 1965 Hull (1963) found no significant increase in grass production 5 years after seeding. (Heady 1952; Lodge 1959; and Smoliak 1965) and on shortgrass plains in Colorado (Klipple and Retzer 1959 
